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5T.IGHT-TEST E7AUJATI0N CP THE LOHGITODIHAL STABIUTY AND CONTROL 
CHAEACTERISTICS OP 0.5-SCAIE MODELS OF TEE PAIRCHIED lAEK 
PILOTLESS -AIHCHAPT CONPIGURATION 

STANDAED OONPIGUEATION WITH VmKJ FLAPS DEFLECTED 60° AND 
MODEL HAVING TAIL IN LINE WITH WINGS 
TED NO. NACA 238T 
By David G. Stone 

SUMMARY 


Fli^t tests were conducted at the Pligdit Test Station of the 
Pilotless Aircraft Besoarch Division at Wallops Island, Va., to 
determine the longitudinal control and stahility characteristics of 
0.5-scale models of the Fairchild Larlc pilotless aircraft with the 
tall in line with the wings and with the horizontal wing flaps 
deflected 6o°. The data were obtained hy the rise of a telemeter and 
by radar tracking. 

Placing the teiil in line with the wings results in a considerable 
reduction in the effectiveness of the longitudinal ■trimming control. 
This configuration is s'fcatically s'table -with large increases in ■the 
longitudinal s’babili^ty occurring above a Mach number of O.?* THe 
model exhibi-fced dynamic s^bability ■throughout the speed range. The 
aerodynamic lag of -the trimming ccax^brol encountered in ■the -bail -in-line 
configuration would make angle -of -at^back s^tabilization -very difficult. 

Deflecting -the horizon^tal wing flaps 6o° wi^th the tail in-ter- 
dlgita^fced wi^th Ihe wings results in a reduction in the effecti^veness 
of ■the trimming con^brol as compared -to a flap deflection of 15°. 
Deflecting the horizon'beil ■wing flaps 60° produces considerable 
increase in -the static longitudinal s-fcabilliy at hi^ Mach numbers. 
Similarly, wi^th flaps deflec^fced 6o° the aerodynamic lag of the 
trlraning con-fcrol ■would make an^e- of-at'tack s^tabilization difficult. 


UiNCLASSIFlED 
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USTRODDCTION 


The NACA vas reqviested Tsy tha Bureau of Aeromutioe, N&vy 
Dapartaaient, to mal® flight tests of the Falrohild Lark pilotless - 
aircraft configuration to evaluate the longitudinal stability and 
control characteristics at high subsonic speeds in order to predict 
the behavior of the full-scale aircraft. In order to obtain this 
Infoormation 0.5"scale models, exteioially geometrioally similar, to the 
Fairchild Lark, vere constructed and flown at the Flight Test 
Station of the Pilotless Aircraft Research Division at Wallops 
Island, Ta. Qhe results reported herein pertain to the longitudinal 
char aoteri sties of the follovjing configurations: (l) model with the 

tail surfaces in line with the wings and wing flaps not deflected, 
and ( 2 ) model of the standard -configuration (dihedral of teiil 
surfaces 45°) with the wing flaps deflected 

The full-scale Fairchild Lark is flown at constant angle of 
attack. The lift increments for maneuvering are gained by deflection 
of the horizontal wing flaps, and the longitudii:al control surfaces 
are used only as trimmers. In these model tests the control surfaces 
produced angle of attack, but tests with various wing-flap deflections 
provided data for an evaluation of the effectiveness of the trimaning 
control function. The models were flown with a programmed flicker- 
type deflection of the longitudinal trimming control surfaces. 
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time from launching, seconds 
free -stream Mach number 

free -stream static pressure, pounds per square foot 
free -stream dynamic pressure, pouMs per square foot 

free -stream total pressure, pounds per square foot 
normal -force coefficient 
chord-force coefficient 

rate of change of pitching*moment coefficient with angle of 
attack, per degree 

rate of change of lift coefficient with angle of attack, 
per degree 
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rate of changs of normal acceleration •vrith elevator deflection, 
per degree 

period of oscillation, seconds 

moment of inertia a"bout Y-axis, slug-feet^ 

■weight of model, potmds 

horizontal wing area, 2*725 sq.tiare feet 

■wing chord, O .883 foot 

longitiidinal acceleration, feet per second per second 

normal acceleration, feet per second per second 

acceleration of gra^vity, 32.2 feet per second per second 

deflection of horizontal "wing flaps, degrees 

deflection of ruddor elevators or ele-vators, degrees 
(trailing edge down is positive) 

specific heat ratio; value tahen, 1.4 


MLODSrS m> APPAEA.TOS 


The simplified 0. 5-scale models used in this in^vestigation 
were externally geomstrically similar to the full-scale Larlc (MQ-l) 
of the Pilotless Plane Di^vlsion of -the Fairchild Engine and Airplane 
Corporation. Descriptions of -the 0.5 -scale Lark models are given in 
references 1 ajid 2. 


Model wi^fch Tail in Line -wi-feh Wings 

Figure 1 presents the general arrangement of "the model -jd-th 
■fche "bail surfaces in the same plane as the wings. A photograph of 
this model with roolcet motor and "blast tube is shown in figure 2. 

The •bail -in-line ■tests were accorngplished "by ro^bating the tail section, 
"by fastening the vertical control surfaces at 0° deflection, 
and "by connecting "the servosystem -to the horizon-bal control surfaces 
which ■were -bhen eleva^bors. For ■this flight the eleva-bors were 
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deflected from, approximately -11° to 10° In programmed movement to 
give a fliclzer-type operation. This control- surface motion was in 
operation "before the model left the lamcher and all during the 
fli^t. For this fli^t the vlng flaps were not deflected. 

The model was ground -laxtnched without a "booster on a zero- 
leiagth launcher set at an angle of 45° from level. A photograph of 
the model on the launcher is shown in figure 3. 

The general specifications of the model as oon^jared to the 
full-scale aircraft eoce given in table I. 


Standard Configuration Model 

Figure 4 presents the general arrangsment of the model representing 
the standard configuration. A photograph of this model with rocket 
motor and blast tube is shown in figure 5* This flight was made with 
the horizontal wing flaps deflected 60°, and the rudder-elevators 
were deflected from approximately -9° to 6° in a programmed fliclcer- 
type operation. A detail photograph of the horizontal wing flap 
deflected doi-m 6o° is shown in figure 6. 

This model was ground -launched without a booster on a zero- 
lengHi launcher set at an angle of 30° from level. A photograph 
of the model on the launcher is shown in figure ?• A photograph of 
the model in fli^t as it left the launcher is shown in figure 8. 

The general specifications of the model as compared to the 
full-scale aircraft are given in table I. 


Apparatua 

The data from the fll£h"bs were obtained by the use of a telemeter, 
CW Doppler radar, and photography. The foxir -channel telemeters 
gave continuous signals of the longltudineil acceleration, normal 
acceleration, impact pressure, and control -surface deflection. The 
impact -pressure record from the telemeter was reduced to Mach nuniber 
by the following oq.uation: 
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where p was taJcen as the pressure at sea level at the time ‘of iiie 
tests. Since the models reached, an altitude of only about 500 feet 
during the high-speed region, no large errors in M are introduced 
by taking p constant. Tho velocity of sound for the tail-in -line 
tests was II 36 feet per second and for the standard-configuration 
tests was Hl^-2 feet per second. 

The normal -acceleration factor and the nonnal -force coefficient 
were based on a linear variation with time of the wing loading from 
the take-off condition to the buDmout condition. 


EESlEffiS AMD DISCUSSION 
Ti3me -History Records 


Tail -in -line model .- A time history of the fll^t of a 0.5-scale 
model Lark with the tail in line with the wings and 5f ® 0° is 
presented in figure 9* The total elapsed flight time was 40.8 seconds. 
Only the first 8 seconds of the flight aare presented since no change 
in the recorded flight characteristics was noted until the compressed 
air for the servosystem was expended a few seconds later . The 
maximum speed obtained corresponds to a Mach number of 0.87, occurs 
at a time of 3 ‘86 seconds after launching, and coincides with the 
btiming out of the rocket motor. The dashed Mach number curve was 
obtained by Integration of the longitudinal acceleration with the 
initial point at t = 2.h wheore the data from the total head and 
radar check exactly. After t = 3*8 the total-head channel failed 
to record properly, and the recording time of the radar was expended 
at t = 3*'S. 

Referring to figure 9, it may be seen that the normal acceleration, 
with the usual short-period oscillations, followed the deflection of 
the elevators throughout tho speed range. Positive normal accelerations 
of 7s and nsf^tive accelerations of 3g were obtained for elevator 
deflections of approximately -10° and 11°, i^spectivsly . No reversal 
of the normal acceleration was experienced’ far the speed range 
encountered. The low maximum velocity as conpared with ihat shown 
in reference 1 can be attributed to poor rocket thrust as indicated 
by e-i « 7g as conpared with &i a 9s previous tests. 

Figure 10 presents the variation of normal -force coefficient 
with Mach number for t2ie power-on flight period. Figure 11 presents 
curves of chord -force and normal -force coefficients for the power-off 
decelerating part of the flight. At times where = 0 the On 
may be said to be eq[\ii valent to drag coefficient; hence at t = 4.79 
(M = 0 . 81 ) the drag coefficient is C. 069 , decreasing to 0.033 at 
t = 7.56 (M = 0.73)- 
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configuration, model (Sf a A time history of the 

fli^t of a 0.5 -scale model Lark of standard configuration flaps 
deflected 60° is presented in figure 12. The total elapsed fli^t 
time vas 17 >9 seconds. As determined from visual and photographic 
ohservation^ the model "began a slow roll near t = 1.8 indicating 
that the right wing flap loosened resulting in unlaiown deflections, 
and near t = 7*0 the right wing flap "brolra off causing a severe 
roll. Further record conversion "beyond the time the flap "broke off 
was considered umeoeseary. The maximum spoed o"btained CGrresponds 
to a Mach number of O.91, occurs at t = 3*78, and coincides with the 
"burning out of the rocket motor. The dashed Mach number curve was 
obtained by integration of the longitiviinal acceleration. For this 
flight the total -head channel and the Doppler radar failed to record 
properly . 

Eeferrlng to figure 12, it may be seen that the normal acceleration, 
with the usual short -period oscillations, followed the deflection of 
the rudder- elevators throughout the speed range. Although the right 
wing flap had loosened, noimal accelerations of 30g were obtained 
for a ruddei—elevator deflection of -9° . Also, after the flap 
loosened, considerable wavlness occurred in the longitudinal 
acceleration cvtrv© . 

Figure 13 presents the variation of normal -force coefficient with 
Mach number for the power-on flight period. Figure Ik presents curves 
of chord -force and normal -force coefficients for the power-off 
decelerating part of the flight. 


Longitudinal Stability 

Evaluations of the static longitudinal, stability were obtained 
by analysis of the short-period oscillation induced by the abrupt 
movement of the elevators as described in reference 3- The following 
eq.uation was used to determine the rate of change of pitching-moment 
coefficient with angle of attack; 


da 


57-3P^(lSc 


The variations of center of gravity and moment of inertia are 
included in the oong)utation of 

dC-. 

The values of obtained are for the model-flight center- 

of -gravity locations which for the tail -in -line configuration varied 
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from 18.86“ to l8. 51 -percent chord, said, for the etaniard. configuration 
varied, from 19 *3^“ to l 8 . 29 "Pefcent chord, as the rocket motor ‘burned, 
out. 


The values of the period. P determined, from figures 9 and 12 
are presented in figure 15 to show the variatlcai of the period of 
oscillation with Mach number. The scatter of the test points on 
figure 15 indicates the amount of error in detexmining P. Considera'ble 
scatter is shown for the 5f « 6oP case . This may he dus to 
loosening of the flap. 

Figure l6 presents the static longitudinal stability, as 
conmuted using the above eq.uation, as a function of Mach number. These 
curves Indicate that as M increases, the stability increases greatly 
for both configurations. With the tail in line with the; wings, 
the static stability is less at low Mach numbers but increases faster 
and is greater as M increases as compared with the tail interdigitated 
with the wings. For the case of Sf w 60 ° at hi^ values of Cjf 
the stability does not increase as fast with increasing Mach number 
as at low values of Cjj. 

dCr 

By tald.ng the value of the slone of the lift ciirve *r^ to 

&OCf 

be 0.08 (reference 3), and also including the variation of the center 
of gravity, the neutral points ware computed for these conditions. 

The neutral points, of course, do not include the probable changes 
dCv 

in with Mach n\miber. The variations of the neutral points for 

the tail-in-line model (&f « o°) and the standard-configuration 
model 6o°) with M are given in figure 17- Again the 

increase in stability is indicated by the large rearward movement of 
the neutral point as M increases above O.70. 


Longitudinal Control 

On the full-scale Lark the tail control stirfaces are used for 
trimming the aircraft only, whereas the lift inoraments are gained 
■by wing-flap deflections or all -movable tfings. In these model tests 
the control sinrfaoes produced ohan,.::Ps of angle of attack, but tests 
with variotis wing-flap deflections provided the data for an 
evaluation of the abi3dty of the control surfaces to trim the airplane 
at high lifts. The ability of the longitudinal control surfaces 
to produce normal accelerations is presented in figui« I 8 as a plot 
of normal -acceleration factor against Mach number. 

The normal-acceleration factor determined by the 

total change in ^ for the total change in & 0 . This method of 
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determlnliig tiie normal -acceleration factor eliminates the need for 
determining the 5^ reg.iiired for ^ 0 as vas reg.uired for 

O 

computation of the normal-acceleration factor in reference 1. The 
values of the normal -acceleration factor neglect the effects of the 
difference "between normal force and lift force, and the rate of 
change of flight path with time. The maximm variation of center - 
of -gravity locations "between models is approximately 2-percent chord. 
The difference due to power-on in the m 6 o° case is probably 
caused by thrust misalinement with center of gravity. In order 
to obtain the normal accelerations produced per degree of elevator 
deflection for any desired wing loading, divide the normal-acceleration 
factor by the desired wing loading. For example, at M = 0.75 
and ^ = 110, the following coH5>arisons may be made; 



0.5 -scale model 

Full-scale aircraft 


w/s 

(Ib/sa ft) 

c .g^ 
percent 
chord 

|>per 

% 

w/s 

(Ib/sq ft) 

c.g., 

percent 

chord 

an 

g 

8e 

0^ 

38.9 

16.64 

-0.86 

110 

16.64 

-0.30 

15° 

36.6 

19.81 

-1.95 

110 

19.81 

-.65 


39.2 

13.60 

-1.20 

no 

18.60 

-.43 

0 tail 1 
lined u;^ 

38.4 

16.60 

-.26 

no 

18.60 

-.09 


It is evident that placing the tail in line with the wings 
results in an appreciable loss in the abiliiy of the elevators to 
produce normal accelerations. Also, wing -flap deflections of 6o° 

show a reduction in per &© as compared to 5f = 1^^ iq) to 

M « 0 8. It 3aay be noted that at M = 0.75 the longitudinal 
stability is approximately the same for the tall -in-line and tail- 

interdlgitated tests; therefore, the change in ^ per 8e must be 

O 

due to a reduction in the effectiveness of the trimming control. 

Also, since the stability is less for the bf « 6o° configuration, 
this again indicates a reduction in control effectiveness for 
trimming. This reduction in control effectiveness may be attributed 
to wlng-walae effects upon the tail. 

Also shown in figures 9 and 12, the production of normal 
acceleration lags the application of control deflection. For the 
test of the tail -in-li n e model, the lag in the produced normal acceler- 
ation is of the order of 0.10 to 0.15 second after application of 
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tlis control. For the model with flaps deflected. 6o° ttie lag is 
approximately 0.10 second. These lag times may "be compared to Talvies 
of 0 to 0.05 second shown in references 1 and 2 for the standard 
model with 6f » 0 ° and 15°. This lag in the effectiveness of the 
elevators may he due again to welLb interference from the wing. The 
magnitude of this aerodynamic lag is such as to seriously complicate 
the internal stahility of an autopilot servosystem. 


CONCLUSIONS 


The fli^t tests to determine the longitudinal stability an d 
control characteristics with the tail in line with the wings (5^ s* cP) 
and with the horizontal wing flaps deflected down 60° for the 
Fairchild Lark pilotless aircraft woie conducted at the Flight Test 
Station of the Pilotless Aircraft Research Division at Wallops 
Island, Va. From the results of the flight tests, the following 
©sneral conclusions are indicated; 

Placing the tail in line with the wings results in a considerable 
reduction in the effectiveness of the longitudinal trimming control. 
This configuration is statically stable with large increases in the 
longitud-inal stability occurring above M « 0.7. The model exhibited 
dynamic stability throughout the speed range. The aerodynamic lag 
of the trimming control encountered in the tail-in-line configuration 
would mahe angle -of -attack stabilization very difficult. 

Deflecting the horizontal wing flaps 60° with the tail inter - 
digitated with the wings results in a reduction in the effectiveness 
of the trimming control as compared to 8^ = 15° tqp to M Ri O.8O. 
Deflecting the flaps 60° produces a considerable increase in static 
longittidinal^stabllily at hi^ Mach numbers. Similarly, with flaps 
deflected 6o°, the aerodynamic lag of the trimming control would malce 
angle -of -attack stabilization difficult. 
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PuU-eoale 

aircraft 


•bcg^jo models 


Tall In lii 30 I Standjard. 


Fnselago : 

Over -all longfcli, in. 

Maximum diameter, in. 

Wings: 

Aspect ratio 
Total span, in. 

Chord (constant) , in. 

Angle of incidence, deg 
3>ih0dral, deg 
Sweep, deg 
Airfoil section: 

Horizontal ving 
Vortical wing 

Wing area (per pair including 
fuselage) , sq, f t 

Tail surfaces; 

^&nie span, in. 

Chord (constant), in. 

Angle of incidence, deg 
Dihedral, dog 
Sweep, deg 
Airfoil section 
Horizontal area (including 
fuselage), sq. ft 

Propulsion: 

Typo rocket 
Approximate -tdirust, lb 
Approximate thrust, sec 

Center -of -gravity location, 
percent chord 

Wei^t, lb 

Wing loading, Ib/sq ft 


Moment of inertia abbut Y-axis, 
slug-ft® 


3-^9 

21.2 

0 

0 

O 

KACA 16-209 
KACA 16-009 


48 

15.4 

O 

45 

0 

NACA 16-008 
Total p2X>Jeotod 
7-25 


Liq,uid 

600 

220 


221 (approx.) 


NACA 16-209 
HACA 16-009 

2-725 


24 

7.7 

0 

0 

0 

NACA 16-008 
1.283 


Powder 

1000 

3.9 

I Take -off 18 - 06 
[^Burnout 18-51 

fTaks-off 223. h 
[Btumout 97-9 

iTake-off 45.0 
I Burnout 35 • 9 


' Take-off 
; Burnout 


3.49 

37 

10.6 

0 

0 

0 

MCA 16-209 
MCA 16-009 

2.725 


24 

7-7 

0 

45 

0 

MCA 16-008 
Total juroJecteA 

1.613 


Powder 

1200 

3.8 

pTalcB-off 19.34 
IBxjmout 18,29 


[ Take-off 
■ Burnout 
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Figure 1,-Sentral arrangement of CkS^^ca/e n?o<fe/ of Fairchild Lark ffircraff t^/fh fad tn /tne 

y^ith Wing \ of/ dimensions in inches ; oH wing and -kni tips ore so/ids of rxwdufioi?^ 
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Figure 2.- Photograph of tail -in -line model with rocket motor and blast tube. 
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Fig. 3 



Figure 3.- Tail-fa-line model on launcher. 
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Figure 5.- Photograph of standard configuration model with rocket motor and blast tube. 
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Figure 6.- Photograph of horizontal wing flap deflected 60® on standard 

configuration model. 


CONFIDENTIAL 


ADV'SO"^ CO^Mf-TTEE AERONAuT'CS 

wANG.E’ MEMO® Aw AE^ONAv’ CAc .ABO«A'^OB> - .A»tGtE'» ^ £4,0 -A 


L 



NACi\ RM No. L7F17 


CONFIDENTIAL 


Fig. 7 



Figure 7.- Standard -configuration model on launcher. 
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Fig. 8 
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ngure 9.- Variation ef Mach numbor, eterafor dtfiechon, and normal and longitudinal acceleratiom with time. Modal with fad mime 
with wmgs) S^i*Cf. 


NACA BM No. X.7F17 






» 

* • 


t f 

k w 

• • • 
••• •• 


NACA RM No. L7F17 Fig. lo 






••• 

••• 


** % 

• • 




•• 


••• 



NACA RM No. L7F17 Fig. 12 



.2 .3 


Figure Vancrhion an 
the pcwer^on part of 
(aOf 


.8 ,16 h 6 


.6 J8 LZ 


A J3S , 


^ ,04 


0 0 




■■nasaHUKH 


SJ) 6,0 

Time 'from launching, "i, sec 


NATIONAL ADVISORY 
CDNHIT7EE H» ACMHMITIC8 


Figure 14. Van a f ton of Mach number and chord- force and normal -force coeffiaenfs luifh ft me for 
fhe poyver^off part of "Hie flight". Model of standard configuration f 
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surfaces for all the configurations. 


NACA RM No. L7F17 Fig. 18 



